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SPNOPrn. 

The hameat of the cotton crop usually begins in extreme southern 
Texaa about July 1. By the-mddle of A y t  picking is in progress 
tllroughout the southern portion of the Gu f Coast States and during 
the et decade of September thiE woFk extends to the more northern 
distncts. Owing to the slow and tedious process of ickmg, however, 
harveat ie extended over a periqd of several nion&, even after the 
plants are all fully matured, and IS not usually finished until well into 
the winter season. 
In conformity with an act of Con-, the Bureau of the Census, 

Department of Commerce, issues during each harveet seaaon 10 pre- 
liminary reporta of the amount of cotton ginned to speclfied d a w  at  
approximately semimonthly intervals. They are based on data col- 
lectsd by local agenta of the Bureau who canvm the ginners. These 
reports are considered of great value by those interasted in cotton 
production, aa they not onlyplace in possdon of all. concerned reliable 
information as to the rapidity with which the crop IS bang harvested, 
but by reason of affording deductions as to the amount of the final 
output made possible by a careful comparison of current reporta with 
those of previou~ years. The earliest offiaal &mate of the amount of 
cotton produced is made by the Bureau of Crop Estimates, Department 
of Agriculture, sbout December 13, of each year. 

While the amount of cotton ginned to a specified date or during a 
given ginning period has some value aa a basis for forecasting the final 
output, the data me often misleading when the weather factor, which 
so largely influences the progress of harvest, is ignored. 

The rapidity of harvest varies greatly from year to year, depending 
principally on the earliness or lateness of the crop and the weather 
conditions prevailing du r iq  the harvest mason: The relative amounts 
ginned during the earlier gmning perioda in different AeaeOne depends 
principally on the earliness OF lateness of maturity, but later in the 
seaaon the rapidity of harvest is determined by the prevailing weather 
conditions. 

The relation between the amount of cotton ginned during November 
and the prevailing weather of that month has been mathematically 
determined as B ba& for forecasting the final output. 

By November 1 the cotton crop has practically matured but, on the 
average, 37 per cent of it remaina to be ginned on that date. Fifty- 
seven per cent of that remaining unginned on November 1 ia ginned 
during the month of November, on the average. These latter percent- 
ages vary greatly from year to year, depending on whelher November 
happens to be favorable or unfavorable for pickmg and gmning. These 
variations have a very close relation to the number of rainy and cloudy 
daya diiriy the month. which affords a baais for computing the per- 
centages for future years when the relation is mathematically deter- 
mined. This has been done for the entire cotton belt and the results 
are given in the accompanying tables. 

The clmeneaa of relation between the average number of rainy and 
cloudy days in the cotton belt and the percentage of the cotton remain- 
ing unginned on November 1 that waa ginned during. November, is 
shown by the correlation coefficient of -0.91 &0.03 (Table 6). This 
1s a m o y  the highest coefficients on record where meteorological data 
are invo ved. 

Ginning data lor 15 years, 1905-1919, are available I and coniputa- 
tions have been made for this period on the ha& aa outlined,with 
excellent mults. The 5al computations are shown in Table P, from 
which it will be noted that the average error in the computed totals 
for the 15-year period was only 1.5 per cent, with an error aa great as 2 
per cent in only 5 of the 15 years, while it waa less than one-half of 
1 per cent in one-third of the years. By the a plication of the constants 
of the equation, shown in Table 7, to the dvember weather data in 
future years a reliable computation of the cotton crop a n  be made in 
less thsn 5 minutes after the amount of cotton ginnebto December 1 is 
reported by the Bureau of the Census. The final report of yield is not 
made by that Bureau until the latter part of March, or later. 

Tbe progress of harvest, or ginning, of the cotton crop 
each year is shown by re orts issued b the Bureau of 

on September 1, September 25, October 18, November 1, 
November 14, December 1, December 13, January 1, 
January 16, March 21, and later an annual report showing 

the Census, Department o f Commerce. 3;nn ese are issued 

~- 
1 Final data for 1920 had not been published when thls article was completed. 

BQb 

the total production. In  the MONTHLY WEATHEB 
REVIEW for January, 1917, 45: 6-10, the writer gave 
the results of a preliminary study of the relation between 
the weather conditions prevailing and the amount of 
cotton ginned during certain of these ginning periods. 
This showed that the variations in the amount ginned 
from year to year during the earlier periods of the harvest 
season depended, rinci nlly, on the earliness or lateness 
of the crop, and &at tKis, in turn, depended largely on 
the temperature conditions during the earl season of 
plant growth, nininly durin May and June. fn addition, 

weather conditions were closely related to the relative 
amounts ginned from year to ear during a given period. 

which substantiate the former conclusions in this res ect. 

made of the effect of weather on the cotton harvest, 
with a plication of the weather data to the entire cotton 
belt; t !il e results are given briefly herewith. 

Owing to the fact t,hat the double ginning period from 
November 1 to December 1 is the only one that gives 
ginning data for an integral calendar month early 
enough to be of interest from the standpoint of a crop 
forecast, that eriod has been selected for this study. 

consequently, the selection of any other period would 
involve a recomputation of data for the entire cotton 
belt, necessitating a large amount of clerical labor. 

The frequency of ramfall and the amount of cloudy 
weather are the most important meteorological conditions 
affecting fcking. Owin to the nature of the open 

progress of picking necessarily is greatly a ected by the 
occurrence of rain and by cloudy weather which prevents 
the staple from drying out so that picking can bo accom- 
plished. I t  is not surprising, therefore, that we h d  
a closer relation between the number of rainy and cloudy 
days and the amount of cotton harvested than a par- 
ently exists between the actual amount of rainfafand 
the cotton harvested. Light rain with cloudy weather 
causes delny as serious aa heavy rains for the same period. 

A correlation has been made between the average 
number of rainy and of cloudy days during November 
for each year, and the percentage of the cotton remaining 
to be inned on November 1, that was inned during 

of the entire crop, the amount of cotton remaining to be 
ginned on November 1 is treated as though it were the 
total crop. When this amount is estimated, it becomes 
necessa only to add t,he amount inned rior to Novem- 

for the entire crop. The 15-year penod from 1905 to 
1919, inclusive, was used in this study, the former year 
bein the first for which inning reports are available. 

representing the nearest 1,000 running ales, as reported 
by the Bureau of the Census. 

The basis on which the calculations are made is tu 
follows: The average annual cotton production for the 
15-year period, 1905-1919, was, in round numbers, 

it was shown that, later in % t e harvest season the current 

Several additional years o 9 record are now available 

With these at hand, a more extensive study has f3 een 

Meteorological r; ata are compiled on a monthly basis and 

cotton an the method o f handling after athering, the % 

Noveni % er. That is, for the purpose of ma f& ing a forecmt 

ber 1 , a z o w n  quantity, for comp ? X  eting t e computation 

In a 1  9 cases the cotton cf  ata are ex ressed in values % 
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bales. The average number of bales 12,340,000 
ginned prior to ovember 1 was 7,788,000 bales, or G3 
per cent of the total crop. At this time, November 1, 
the cotton crop has practically matured, but owing to the 
slow rocess of icking, harvest continues for several 

on November 1 was 4,553,000 bales, 57 per cent of which 

Y 

mont& later. T rl e average amount remaining unginned 

was ginned durin on the average. This latter 
percentage varie to year, depending 
qn whether or unfavorable for 
picking and ginning. The variations show a very close 
rdation, however, to the number of rainy and cloudy 
days during the month, which affords a basis for comput- 
ing these ercent es for future years. This relation has 

stants applied to the November weather for an indication 
of the proportion (or percentaw) of the amount remain- 
ing unginned on November 1, &at was ginned during t1in.t 
month. With a knowledge of the actual amount ginned 
during November and its percenta e relation to the total 

puted from the Novernber weather records), the quotient 
of the amount inned divided by the computed percent- 

gmned on November 1. By adding to this the amount 
ginned prior to November 1 the computation for the en- 
tire crop is accomplished. 

Table 1 shows the average number of rainy days in 
November for each of the 10 cotton-belt States and for 
each of t.he 15 ears of record. Table 2 shows the aver- 
age number 09 cloudy days in like manner. In  each 
Case the averages for the entire State were used, esce t 

western portion of the State (the cotton district) werp 
substituted for the State avera es. 
In view of the fact that wi % e variations exist in the 

amount of cotton harvested in the res ective States, the 

lo ‘cally be combined on an equal basis for the purpose 

there is ginned, on the average, in exas about five times 
aa much cotton in November as is ginned in Louisiana 
during the same month, and to give the meteorological 
data in the latter State an equal weight with that in the 
former would clearly be improper. In view of this, ratios 
have been computed for the several States, based on the 
average amount of cotton ginned during November in 
each. These rabios are shown in the lower section of 
Table 4. 

Table 3 shows the averages of the cloudy and rainy 
days for each State durin the period under considera- 

ratio basis. The last column of Table 4 contains the data 
used for correlation with the November cotton ginning. 

Table 5 shows the amount of cotton remaining unginned 
on November 1 and the amount, ginned during that 
month; also the percentages of the amount remaining 
unginned on November 1 of the amount ginned during 
that month. (The November ginning divided by the 
amount un ‘nned on November 1.) 

The u s u s  preliminary procedure of preparing a dot, 
chart to determine whether or not there is a significant 
relation existin between two variable uantities, and 

case. I t  will be noted 
from an inspect.ion of this chart that a very good straight 
line relation exists between these data, as the dots dispose 
themselves diagonally across the chart with considerable 

been mat E ’  ematica 3 ly determined and the resultant con- 

remaining unginned on the first o K that month (as com- 

&ge gives an in d ication of the actual total remaining un- 

for Tennessee, where records for selected stations in t P io 

State averages of meteorological data o R viously could not 

o P correlation with the ginning re orts. For example, + 

tion, while Table 4 shows t % ese averages weighted on the 

if so, the form t E at relation assumes, was 9 ollowed in this 
The result is indicated in Fig. 1. 

uniformity of arrangement. The relation from year to 
year for the several years of the series, as shown in %re 
2, bears out in a striking manner the indications of the 
preliminary dot chart. 

Table G shows a correlation of these data by the familiar 
least squares method. In this connection the fact that 
the correlation coefficient here shown, -0.91, with a 
probable error of on1 k0.03, is one of the . ’ hest of 
record where meteoro6gical data are involved3thou h 

small. 
The 

dot chart, figure 1, tells us that the constants of the line 
of best fit to the data in hand may be determined from 
the equation y=a+br ;  that is, a st.raight line equation 
applies best, with only two unknown quantities. The 
solution of this e uation, for the data iven, is shown 

used is contained in Prof. 2 F. Marvin’s “Elementary 

it is recognized that the number of cases is comparative f y 
The nest analytical step is involved in Table 7. 

in Table 7. A Jetailed ex lanation o K the equations 

h m p  of Raky and C/wdy DuyS 

FIG. 1.-Dot chart showing the relatioil between the number of rainy and cloudy dsys 
in November, and thc pcrcentoge of the cotton remaining to be ginned on November 
1, that was ginned during November. 

Notes on Least Squares,” MONTHLY WEATHER REVIEW, 
October, 1916, 44: 551-568, and need not be repeated 
here. The application of these constants to the weather 
data given in the column under “r” in Table 7, ves the 
computed ercentages for the several years, s f own in 
colurun 2, fable 8. The final computations are made in 
the last-mentioned table. Here, column 1 shows the 
amount of cotton ginned during November for each of 
the 15 years, and column 2 the computed percent 
that these amounts are of the totals remaini ”gb” 
inned on November 1. The values shown in =ita co umn 1 e 

Sivided by those shown in column 2 give the computed 
totals remaining unginned on November 1, as contained 
in column 3. These latter values, plus the amount 
ginned prior to November 1 (shown in column 4), give 
the computations for the entire crop, shown in column 5. 
Column 6 gives the actual production as reported b the 

7 shows the percentages of error in the computed fore- 
cast for the several years. 

Bureau of the Census several months later, while co 9 umn 
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It wil l  be noted that the computed crop from year to 
year is in very close agreement with the actual produc- 
tion, the aver e error for the 15-year period being only 
1.5 per cent. %he error is as great as two per cent in 
only five of the 15 years; it does not exceed 1.5 per cent 
in nine of the 15 years; and is less than one per cent in 
seven of the years. It is less than one-hay of one er ceiit 
in  one-third of the ears. The relation between t f e com- 

uted yields and t i e actual yields is shown graphically in 
&ye 3 

By the ap$ication of the constants of the equations 
shown in Ta e 7, to the November weather data and the 
amount of cotton ginned during that month in future 
ears, a reliable com utation can be made early in 

%ecember of the tota P cotton crop. This total is not 
available through the re orts of the Bureau of the Census 
until the latter part of karch and occasionally the final 
report is not issued until considerabl later. In addition, 
it will be seen that b compiling t z e necessary weather 
data and computing t i e constants of the e uation for the 
double ginning penod from October 18 to ovember 14, 
a similar com utation could be made the latter part of 
November. & this case, however, special arrmgement,s 
for receiving the necessary weather data, covering this 
period, before the November monthly summaries are 
available, would be necessary. 

The fact that these computations are made on the 
basis of, and the results given in, running bales, while the 
final records of cotton roduction are espressed b the 

pound bales, is inconsequential. The avera e wei ht of 

during the last 10 years, vaned from 502 to 508 ounds, 

using 505 pounds as a basis, the maximum error in tlus 
connection would have been ve small during these 10 

!N 

Department of Agricu Q ture in uniform values ofY500- 

running bales, as reported by the Bureau o P E  the emus 

with a mean of 505 pounds. It will be seen t ?l at by 

years, only 3 pounds to the bae. P By converting the 

2 3 c 

FIQ. 2 . 4 h a r t  ahowing the relation between the average number of rainy and cloudy 
days In November and the perc6utage of the cotton remaining to be gun$ on Nc- 
vember 1, that was glnned during November for each year from 1905 to 1919, meluslve. 

corn uted running bales to uniform 500-pound bales, on 

error in the computed totals for the lo-year period from 
1910 to 1919 would have been 1.7 er cent, against 1.6 

tables given. 
In  making deductions as to the signihance of the gin- 

ning reports issued by the Bureau of the Census aa indi- 
cations of the h a 1  output, the advantage of considering 
the weather factor in connection theremth can not be 
400 strongly emphasized. The following statement a 

ears in the last annual report of the Bureau of di 
‘IThe collection of statistics of cotton ginned to specified dates waa 

designed to place in the possession of dl concerned reliable data 88 a 

the B asis of 505 pounds to the running bale, the average 

per cent when expressed in running % ales as shown in the 

8ensus: 

the rapidity wi th  which the cotton crop ie being harvested and pinned. 
Statistics compiled by this method have, after a series of years, 811 
incidental but very considerable value by reason of the deductiunu 
made possible ),y a careful compariaon of current reports with those of 
prevlous years. 

The im ortant question in this connection is, how much 
better in c f  ications of the production can be had by apply- 
ing the weather factor than when the ginning. reporta 
alone are considered. The records for the 15-year period, 
1905 to 1919, show that on the average 84 per cent of the 
cotton crop was ginned prior to December 1. If these 
reports from year to year should furnish a reliable indi- 
cation of the size of the crop, the relative amounts gin- 
ned to December 1 should be in close agreement with the 

FIG. 3.--Chnrt showing thc lotdcottanrrop in running balm,asreported by the B-u 
of the Cciisus on March 31 or later and the computd yield from weather eon&tlons 
b%ed OIL the giunirig reports received on or before December 12 each yesr. 

relative production for the respective years, for at  this 
time only 16 per cent of the crop remains to be ginned on 
the average. By reducin the amounts ginned to De- 
cember l to percentages, %ased on the average amount 
ginned to that date, and applying the ratios to the aver- 
age production for computmg the total crop, we find that 
considerable variations from the actual production fre- 

&is metho B exceed half a million bales in more than ha B 
the years; the maximum error is more than 10 per cent 
and the average error for the 15-year period is 4.5 er 
cent, against an average of 1.5 per cent when the weat 1 er 
conditions are taken into account, as com uted from the 
accom anying tables. It may be pointe B out also that 

ning, as shown in Table 7, established, and the weat er 
data for November available, the computation of the 
final output can be made in less than five minutes dter  
the amount of cotton inned to December 1 is reported 

The first, or preliminary, official estimate of the cotton 
crop is made from year to year b the Bureau of Crop 
Estmates about December 12. As report is based on 
the amount of cotton remaining to be ginned as esti- 
mated by the correspondents and a ents of the Bureau 

with this preliminary estimate the following abstract from 
A, note appearing in the Weekly News Letter of February 
2, 1921, may be of interest: 

“An index to the accuracy of the estimates made by the Bureau of 
Crop Estimates. United. States Departmen.t of Agriculture. is shown by 
a comparison of the estxmates on cotton velds made b the bureau in 
December with the annual re ort of bales ginned issuegb the Bureau 
of the Census the following &arch. The deyiation of &e estimates 
from the census during the period of 20 years, 1900 to 1919, inclusive, 
was 2.5 er cent and the aver e underestimate for the 30 years 1) per 
cent. 1915 and 1916 it wssyess than one-half of 1 per cent-and for 
the laa; three years it was about 3 per cent under the final ceneufl 
report. 

uently ap ear in the computed output. The errors b 

f with t 1 e constants of relation between weather and ‘n- 

by the Bureau of the 8 ensus. 

distributed throughout the cotton f elt. In connection 
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r8u. 
1905. ........ 
1906 ........ 
1901 ........ 
LQog ........ 
1909 ........ 
1910 ......... 
1811 ........ 
1912 ......... 
1913 ........ 
1814 ......... 
1915 ......... 
18lT ......... 
19lS ......... 
1919 ........ 

-- 

in6  ......... 

TABLE L-Mean number ofrainy days, NovemGer. 

N.C. 

4 
3 

10 
4 
4 
4 
9 
5 
3 
6 
5 

4 
5 
5 

e 

TABLE 5.-Pacent of thc cottun renuaini unginntd on November I, 
that waa ginned duting y m d w .  

Year. 

1 

1905 .................................................... 
1806 .................................................... 
1907.. .................................................. 
1908 .................................................... 
1909 .................................................... 
1910.. .................................................. 
1911.. .................................................. 
1912 .................................................... 
1913.. .................................................. 
1914 .................................................... 
1915. ................................................... 
1016 .................................................... 
1917 .................................................... 
1918. ................................................... 
1919.. .................................................. 

8. C. 
- 

3 
3 

10 
3 
3 
4 
8 
4 
2 
6 
4 
4 
4 
7 
3 

Remetn- 
ing nn- 

vember 1 

2 

4 a37 

4'930 

F N 2  

6'077 

4'694 
$055 
4' m 

5' 153 
do79 
3: em 

5: 021 

$a 
2 740 
4'M3 
4' 129 

Ga. 

4 
3 

11 
8 
3 
6 
8 
4 
3 
6 
4 
5 
3 
8 
5 

- 

10 

10 

Ala. I Mss. I La. 
6 6 7  
5 5 4  

8 8 
4 5 5  
3 5 5  
5 5 5  

8 6 
4 4 4  
3 3 3  
7 6 7  
5 6 5  
5 5 3  
3 4 2  
7 7 8  
6 8 7  

Tenn 

4 6  
6 6  
4 8  
4 4  
7 5  
1 2  
1 4  
? a  
- 6  

2 3  
4 3  
4 2  
6 7  
6 5  

i s  

Ark. 

5 
6 
6 
II 
7 
3 
7 
2 
5 
4 
6 
5 
4 
6 
7 

- 

3 

2m 
3'l!Z? 
g214 
2 817 

2 846 

1'859 
$794 
2'@% 
3'258 
3 ' 2 4  
$325 

1'794 
$539 

1738 
2'529 

Ma. Tex. -- I 
-- 

4 -- 
55.3 
bL4 
44.9 
67.6 
ea9 
66.2 
51.0 
64.6 
63.2 
53.4 
83.0 
63.1 
62.2 
43.4 
M I  

3 

+as 
-0.1 
+2.9 
- a 2  
-1.0 
-1.4 
+2.3 
-2 a 
+0.7 
-1.5 
-1.3 
-1.8 
+1.9 
+ a 9  

- a 4  

......... 

--- 
4 --- 

a 6  
0.0 
S.4 
0.0 
1.0 
2.0 
5.3 
4.8 

0.5 
2 2  
1.7 
3.2 
3.6 
0.8 

34.3 

0.2 

--- 
................... 

6 

- 1.4 
- 5 . 3  
-11.8 + 0.9 + 4.2 + 9.5 - 5.7 + 7.9 
+ 6 . 5  

+ 6.3 + 6.4 + 5.5 
-13.3 - 6. 1 

- 3.3 

......... 

-.- 
7 -- 
ao 

?a1 
139.2 

0. [I 
17.6 
90.2 
3 a b  
8 2 4  
42.2 

89.7 
41.0 
a 2  

176.9 
37.2 

750.9 

iae 

-- 
.................. 

1 0 5  .......... 
1- .......... 
1907 .......... 
190s .......... 
1909 .......... 
1910. ......... 
1911 .......... 
1912. ......... 
1913 .......... 
1914 .......... 
1915 .......... 
1916 .......... 
1917 .......... 
191s .......... 
1919 .......... 
Sums ......... 
Average.. .... 

7.2 
6.3 
9.3 
6.2 
5.4 
5.0 
a 7  
4.2 
6.0 
7.1 
4.9 
5.1 
4.6 
a 3  
7.3 

95.0 
6.4 

~~ 

Year. 

1- ........ 
1m ........ 
1901 ........ 
100s ......... 
1wo ......... 
1910 ........ 
1911 .-.-.. - -  
1912 ......... 
19l3 ........ 
1914 ........ 
1915 ........ 
1m ........ 
1917 ........ 
1918 ......... 
1919 ......... 

-- N.C. 

6.0 
3.5 

10.0 
4.0 
4.0 
4.0 
9.5 
1 5  
3.5 
6 5  
5.0 
6.0 
5.5 
6.0 
6.0 

L O  

3.5 

10.5 

3.5 
10.5 

3.0 
4.0 

4.0 
3.0 
6.5 
4.0 
5.5 
+ 5  

4.5 
so 

6.0 ao 

6.5 6.5 

iao 10.5 

4.0 6.5 
11.0 10.5 

3.0 3.6 
5 5  7.0 

4.5 4 5  
4 0  3.5 
6.5 7.5 
4.0 5.5 
5.5 5.5 
4.0 4.5 

7.0 7.5 
a 5  ao 

7.0 

7.5 

4.0 
7.5 
3.0 
8.0 

7.5 
5.5 
6.5 
a 5  
8.5 

7.5 

8.5 
ao 

6.5 

4.5 9.5 

5.0 9.5 

2 0  4.5 
5.5 7.0 
2.5 4 0  
9.5 9.0 
3.5 a 5  
2.5 3.5 
4.5 4.0 
5.0 2.5 
7.5 9.5 
7.0 7.0 

9.0 a 5  

5.5 13.0 
a 5  7.5 

1005 .......................................... 
1806 .......................................... 
1907 .......................................... 
1QM .......................................... 
l9G9 .......................................... 
l Y l D  .......................................... 
19U .......................................... 
1912 .......................................... 
1913 .......................................... 
1914 .......................................... 
1915 .......................................... 
1916 .......................................... 
1917 .......................................... 
1818. 
1919 ........................................... 

Sums ................................... 
......................................... 

7.2 55.3 
6.3 51.4 
9.3 44.9 
6.2 57.6 
5.4 60.9 
5.0 86.2 
8.7 51.0 
4 a e4.6 
6.0 63.2 
7.1 53.4 
4.9 63.0 
6.1 63.1 
4.6 6 2 2  

43.4 % 50.6 -- 
95.6 . 850.8 

5 1 8  
39.7 
1 . 5  
38.4 

25.0 
75.7 
17.6 
36.0 
bO.4 
?40 
26.0 
2L2 
ea9 
53.3 

643.7 

*B.Z 

898.2 
323.8 
417.6 
357.1 

331.0 
443.7 
271.3 
879.2 
379.1 
aoa7 
321.8 
286.1 
360.2 
3 a 3  

5,276.0 

3289 

-- 

YW.. N.C. Perm. 

-- 

Ark. 

-- 
Ala. Miss. 

-- 
Potal. 

Cot- 
ton- 
belt 

aver- 
age. -- -- 

IoOR. .... lrn..... 
1901. ..... 
Iwo...... 

1911 ...... 
19 m.... 
I913 ...... 
1914.. .... 
1915 ...... 
l9l6 ...... 
1917 ..___. 
19m.  .... 
1910 ...... 
Average1 
R8Clapk. 

IRIS...... 

uio ...... 

4.8 
a8 
a0 

a2 

7.6 
8.6 
a8 
5.2 
CO 
4.8 
4.4 
4.8 
4.8 

202 
8 

a2 

a2 

- 

30 
6.5 

10.5 
6.5 
3.5 

10.5 
4.5 
3.5 
7.5 
5.5 
6.5 
4.5 

7.5 

7.0 

ao 

10.2 
7.2 

10.8 
7 , s  
6.0 

la2 
6.0 
5.4 
9.6 
7.8 

' 6.0 
6.6 

10.8 

a 4  

9.6 

3.0 
3.6 
4.2 
3.6 
2.6 
3.0 
5.4 
2 4  

4.0 
3.6 
2 6  
3.4 

4.2 

3.6 

4.0 

7.0 
7.5 
7.5 
8 5  
8.0 
4.0 
7.5 
3.0 

6.5 
7.5 
5.5 
6.5 

5 5  

ao 

a 5  

72.2 
63.0 
93.2 
61.6 
M 5  
a 5  

59.8 
71.4 
49.2 
50.8 
1.0 
72.9 

87.4 
41.8 

s.2 

7.2 
6.3 
9.3 
6.2 
5.4 
5.0 

6.0 
7.1 
4.9 
5.1 
4.6 

7.3 

a 7  
4.2 

a 3  

-1-1-1- 
6 
U 

10 
S 
5 
6 

11 
4 
5 
8 
9 
7 
5 
9 

10 

TABLE 6.-cmel&n of 6 a n  number o thc rainy and the cloudy daya 
in the cotton belt. and the p a c m t a g f  o/ae cotton remaining. unginned 
on November 1, that was ginned d m n g  Nomnbtrr. 

1 Mean olrainy and cloudy days. 1 November ginnlry-Pereent. Product 
Of col- 
umn3 
by ~ol- 
umn 0. 

Ycar. l- Average.' 
- 

5 

55.3 
51.4 
44.9 
57.5 
60. 9 
66.2 
51.0 
64.5 
63.2 
53.4 
63.0 
63.1 
62.2 
43.4 
50.6 
w. Y 
56.7 

- 

- 

8 

- 1.1 + 0.5 
-34.2 - 0.2 - 1 2  
-13.8 
-l3.1 
-17. b - 2.6 - 1 8  - 9.4 

- 9.9 
425.3  - b.4 

-146.3 

- & a  

.......... 

TABLE 3 . - M m  of the cloudy and the rainy days. 

Miss. La. 

9.5 
6.0 
9.5 
7.6 
5.5 
7.0 

5.5 
5.5 
9.0 
5.5 
3.5 
3.0 
9.0 

- 

a 5  

ao 

Tenn. 
- 

7.5 
9.0 

10.5 
9.0 
6.5 
7.5 

13.5 
6.0 
9.0 

10.0 
I). 5 
6.5 

10.0 
10.5 

a 5  

a 5  
6. 0 
Q. 0 
6.5 
5.0 
7.0 
8.6 
5.0 
4.5 

0.5 
5.0 
5.5 
8.0 
9.0 

ao 

Coe5cient -146.3 
correlation- J7-3' x 5 = - O -  91*0. O3 .~~ 

1 Shown in last column of Table 4.- 
I S h a m  in column 4 Table 5. 
Nom.-For a perfed negative relstion between two variables, the correlation &- 

cient would be -1.00fO.W. 
TABLE 'I.-Com utation o the constants of the equation of the straight 

line of k t  fi t  to t data in Table 6 ,  columns I and 5.  

Year. 

TABLE 4.-Mean of the cloudy and the rainy days (Table 5 )  weighted on 
a smle o 100 in the ratw o the average number of bales of cotton ginned 
during i G wember in each 6 tate. 

- 

Ga. 

- 
a 4  
5. 2 

15.4 
L 1  
4.2 
7.7 

14.0 
6.3 
5.6 
9.1 
5.6 
7.7 
5.6 

11.9 
9. s 
355 
14 

- 

- 

- 

La. 

- 
3.8 
2.4 
3.8 
3.0 
2.2 
2.8 
3.4 
2 2  
2. 2 
3.6 
2.2 
1.4 
1.2 
3.6 
3.2 

104 
4 

- 

- 

- 

8. C. 

- 
5.0 
3.5 

10.5 
3.5 
3.0 
4.0 

4.0 
3.0 
6.5 
4.0 
5.5 
4.5 

4.5 

w 
10 

ia 5 

ao 
- 
- 

- 

Ma 

- 
1.0 
8.1 
4.5 
L O  
7.6 
1. 6 
5.0 
2.2 
S.6 
3.2 
2.2 
4.0 
4.5 
6 . X  
6.3 

223 
9 

- 

- 

- 

Tex. 

- 
1 s  0 la 2 
1s. 0 
11.4 
14.2 

R. 6 
1% 3 
7. 6 

17.1 
16.2 
6.6 
7.6 
4. Y 

1 8  0 
13.3 

454 
19 

- 
- 

I .  ---- 
y-a+br ........................... 1 Equatkm 1. 

b - m k p  ..................... Equation 2. n(wv)-(W(cu) 

Z U - - B ( W  ........................ .L. .Equation 3. 

Bubstituting in equation 1 5 ( 5 # 6 . 0 ) - ( ~ & @ . 8  2 ves: 

Substituting in equation 3 gives: 
l5 63.9 .................... EqU8tlOn4. 15 

r Mean of the average number of rainy and cloudy days in the cotton belt, Tabla 2, 

y Percentage of the cotton remaining Unglnned on November 1 that was ghned dur- 

1 See "Eledeutary Aotes on Least Squares," Charles F. U v h ,  MO. WEATESP 

-2198.5 
b- 15(m.7)--(85.6)g 516.1 -4.%----------EqUth 4. 

650.8-(-4.26X95.6) 1258.1 

cOl;rml8. 

hiNovember Table 6 c o l m  5. 

REVIEW, October, 1Y16.44: 551-556. 

9 2 2 3 8  
4 1 10 

I -- 
1 November d n g  to nearest 1 Mx) boles. 
9 By Stah,  &sed on average Ndvember ginning. 
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53.2 
57.1 
44.3 
57.5 
ea9 
82.6 

66.0 
5s.3 
53.7 
63.0 
62.2 
64.3 
4fk5 
52.5 

&h8 

........- 
- 

TABLE &-Computations of total cotton production by the application 
of the constants of Ute equation of the straight line of bestst, sholvn in 
Table 7 ,  to the weather dnta and ginning reports for November. Cotton 
data given to neareat 1,000 runnbg bales, as reported by tlu Bureaic of 
the Cenaw, Department of CommtTce. 

4 195 

4 999 

3053 d e ?  

r;@S 

($99 

i 5 2 4  
6568 

3 : m  

6'081 

6 015 

2 7% 
3'933 
3:6W 
4,m -- ......-.. 

a t 3  

6.45s 
6,906 
6,129 
8,192 
7,015 
7,346 
9,971 
4569 
& S O  

10 653 10 495 
1$374 12:9S3 
11,lZi 11,058 
13,091 13 088 
10,071 ld073 

13,393 13,439 
14 418 13,983 

11,809 lis68 
lti,052 14553 

7 

+l. 5 
-4.7 
+O. 6 

*o. 0 
f2 .1  
+3.2 
-0.7 
+3.1 

io. 0 

-1.2 
-3.6 
-1.9 

1 

+a o 

+a 2 

+a 3 

1.5 

Column I.-Amount of eotton ginned during November. 
Column 2 -Computed percents e of the cotton remainhg to be ginned on November 

1 that was'glnned during Novem%m (computed from equations in Table 7, applied to 
&ather data). 

Column 3.4omputed amount remaining unghncd an November 1 (column 1 divided 
by wlumn 2). 

Column 4 -Amount nned prior to November 1. 
column 5 ~ o m  uteftotal crop (column 3, plus column 4). 
Column6.-Totaf crop, as reported by the Bureau of the Census, Department of 

Pnrnmprm. ---- - -. 
column 7.-Ppacents 
Nme.-These com u ~ t . i o n s  can be mado as soon as the ginning report for Derunbor 

1 is available, while %e actual tot& are.not available throngh the report ofthe Censua 
Bureau until the latter part d the followmg March, or later. 

of error io computed asuount. 

FORECASTING THE CROPS FROM THE WEATHER.' 
[Abstract of presidential address of R. 1. Hooker, belore Roysl Yete&oghl B0dety.p 

Mr. Hooker remarked that forecasts of the harvest fell 
into two main groups, viz, those which predicted the recur- 
rence of good and bad cro s in cycles, and those which com- 

or damaged by the weather during or shortly before the 
growin period. He outlined the evolution of the 

at different seasons of t e year and t e subsequent harvest. 
Originally writers such as Gilbert and Lawes could only 
examine the meteorological conditions in years of ex- 
ceptional abundance or scarcity. A great advance was 
made when Sir Rawson Rawson and, later, Sir Napier 
Shaw, from the study of an entire sequence of crops and 
previous weather conditions, suggested formulae from 
which the crop might be calculated, while still wider 

ossibilities were opened by the methods of correlation. 
kr. Hooker emphasized the necessit of taking the past 

abundantly clear, from comparison with actual forecask 
in India and elsewhere, that the weather was responsible 
for developments in the plant which were not visible to 
an observer surveying the young crops in the fields; and, 
although much work still remained to be done, the time 
was ripe for using statistics to confirm or modify the re- 
sults of direct observation of the growing plants. 

puted the actual amount g y which the yield was improved 

E R metho f s of ascertainin relationshi s between the weather 

weather into account in predicting t K e harvest, as it was 

1 uar. Jour Roy. Afei'l Boe Apr 1 9 1  4Zi5-99. 
'1 Seprinted horn Nat?&(Lozdm);'Ja. h, 1921, p. 714. 

BIOCLIMATIC ZONES DETERMINED BY METEOROLOQlCAL DATA.' 
By ANDREW D.Ho~sers .  

[U. S. Department ofdgriculture, Washington, D. C., Apr., lW1.1 
p/. 5 8 6  

In a comprehensive study of the relation of the Bio- 
climatic Law to the natural and artiiicial distribution of 
terrestrial plants and animals of the world the writer has 
developed a system of bioclimatic zones on the theory 
that a definite relation prevails between the range and 
limits of similar or equal zones of life and climate and the 
unit constants of time, distance, and the thermal mean of 
this law. 

While the study of this relation and the development of 
systems of tables of constants, charts, etc., is yet in the 
reliminary stawe, the fundamental idea of applying the 

raw to the stux of life zones, as suggested in SUPPLE- 

has been developed, and tested, to a sufficient estent to 
warrant the presentation of the result relatin to a 

zona that are represented by the meteorologicd stations 
of the world. 

The term Bioclimatic Zone has been ado ted to include 

zonal complex of responses, primarily to the solar factor, 
and secondarily to those represented by the variable 
features of the earth's surface. 

The classification of zones to meet the requirements 
of universal application is briefl as follows: 

The ma'or zones are the frigik tem erate, and tro ical, 
designatea by Roman numerals I, f I, and 111. h e s e  
ma'ors are divided into minor fri id, minor temperate, Snd minor tropical, which are fesignated by Arabic. 
numerals. 

I. The Ma'or Fri id Zone is Arctic, Antarctic, and 
Alpine, w i t h k n o r  h g i d  1, 2, 3, and 4 from the poles 
and from higher to lower altitudes. 

MENT 9 of the d ONTELY WEATHER REVIEW-, 1918, p. 38, 

therinal mean principle of forecasting the biocimatic 9 

the elements of both life and climate that c x arscterize the 

11. The Major Temperate Zone is south and north of 
and below Major Fried I, with Minor Tern erate 1,2,  8, 
4,5,6, and 7, south and north of and below &nor Frigid4. 

111. The Major Tropical Zone is south and north of 
and below Ma'or Temperate I1 with &finor Tropical 1,2, 

This system of designations and classification of the 
zones is with the idea of adopting a terminology that is 
applicable to any continental or insular area of both 
hemispheres, instead of the usual names based on geo- 
graphical features, .political divisions, regions, etc. , of 
one country or continent. 

The major zones of this classification are not different 
from those which have long been recognized, exce t that 
their oleward and equatorward limits do not fo R ow Ihe 

The minor zones corres ond in general to the minor 
temperate zones 1 by Dr. Merriam for North 
America, but his gg: ian  and Canadian do not a pl 
to other continents and Austral and Sonoran for drd 
America do not apply in the same way to South America 
or Africa. 

3,4, south an d north of and beiow Minor Temperate 7. 

para1 Ip el8 of latitude even at $ea level. 

CHARACTERIZATION OF BIOCLXMATZC ZONES. 

Each major and minor zone is characterized by some 
eculiar element or group of elements of life and climate gh. which it may be recognized anywhere on the face of 

t e earth where it is represented by greater or less land 
areas. 

The index or characterization elements of the minor 
zones and their subdivisions into sections are many and 
varied. Some of the principal ones are the t h e m d  

1 Presentad befm the American Meteorological Society, Wdington, D. C., Apr. a0 , lOl .  


